Aim-To validate dipyridamole as a pharmacological stress test during cardiac catheterisation, allowing both functional and morphological estimation of stenosis severity. Methods-The study encompassed 74 patients: 62 patients with significant coronary artery disease (age 61 (SD 8) years; seven women, 55 men) and 12 controls. Regional wall motion, left ventricular ejection fraction and end diastolic pressure were analysed in the resting state and after high dose intravenous dipyridamole. Patients were subdivided into four groups: group I (n = 32, 43%) had stopped all anti-ischaemic treatment for > 24 h, group II (n = 14, 19%) was under treatment, group III (n = 16, 22%) had significant coronary artery disease only in regions with regional wall motion abnormalities at rest, and group IV consisted of 12 control patients (16%) with no significant coronary artery disease (age 62 (8) years, three women, nine men). Results-The sensitivity of dipyridamole testing in patients with coronary artery disease was poor. The best sensitivity was obtained with regional wall motion analysis (26/62 = 42%) and with global left ventricular ejection fraction (25/62 = 40%). Specificity was 100% for regional wall motion and 100% for ejection fraction. Calculated positive and negative predictive values for regional wall motion were 100% and 63%, respectively. Conclusions-Although safe, handy, and inexpensive, dipyridamole is not an adequate pharmacological stress test during cardiac catheterisation because of its low sensitivity.
Debate over optimal non-exercise stress tests for the diagnosis and management of coronary artery disease continues. Among the most commonly used pharmacological agents are dipyridamole,' adenosine, and dobutamine. 2 These agents have been applied in echocardiography,3 radionuclide ventriculography,4 and perfusion imaging.' After initially enthusiastic reports, the use of dipyridamole in functional imaging has recently been put into perspective,56 although it continues to be promoted. 7 The demonstration of regional ischaemia is an important diagnostic adjunct to cardiac catheterisation. Stenotic coronary lesions are increasingly approached interventionally immediately after the diagnostic study,8 obviating the need for recatheterisation and thus lessening patient discomfort and morbidity, and contributing to cost containment. Exercise testing or pacing for ischaemia induction in the catheterisation laboratory9 has been used but both are impractical. A sensitive, specific, and safe non-exercise stress test that could be applied in the wake of cardiac catheterisation would help in rapid and adequate decision making and, in selected cases, obviate the need for additional diagnostic tests. Cost containment, one of the major issues in today's health care, will also affect cardiac imaging.'0 Because coronary angiography is likely to remain the diagnostic cornerstone in managing coronary artery disease, combining it with an accurate, inexpensive, and well tolerated functional test would be particularly attractive. The aim of this study was to determine whether dipyridamole met the criteria for diagnosing ischaemia The study protocol was approved by the institutional review board and all patients gave informed consent. Catheterisation was performed through a 5F sheath. A pigtail 5F catheter was used for ventriculography and pressure measurements. The following parameters were recorded after four consecutive sinus beats during each sequence: left ventricular systolic and end diastolic pressures, heart rate and a three-lead ECG tracing. First baseline data were recorded. Biplane contrast ventriculography with 50 ml of ioversol (12 ml/s) was then performed in standard right anterior oblique 300 and left anterior oblique 600 views. After ventriculography, pressure readings were repeated. Dipyridamole was infused in a dose of 0-84 mg/kg body weight over 6 min. After a 2 min pause to attain a steady state, the haemodynamic indices were measured again, followed within 1 min by the second ventriculography and final measurement of haemodynamic indices. Finally, 125 mg of aminophylline were given to offset any side effects. Coronary angiography was then performed.
The global left ventricular ejection fraction was calculated by semiautomated software. Biplane regional wall motion and coronary anatomy were visually assessed independently by two observers. Interobserver variability, resolved by consensus, was 8% (20 segments disagreed upon out of 248 ventriculograms, that is 62 patients with coronary heart disease, each having a right anterior oblique and a left anterior oblique sequence both at rest and under dipyridamole) and was due exclusively to differences in assessing the grade of hypokinesia as being mild or severe.
DEF7NITIONS
Coronary artery disease was judged significant if one or more > 50% diameter stenoses were found to be present in at least two views, by consensus of at least four observers during routine case review independently of the study. Regional wall motion was described using a numerical score: 1, normal wall motion; 0, mild to moderate hypokinesia; -1, severe hypokinesia; -2, akinesia; -3, dyskinesia. Regional wall segments were defined as anterobasal, anterior, apical, inferior, and posterobasal in the right anterior oblique view, and septal, apical, and posterolateral in the left anterior oblique view. Points of regional wall motion were added, yielding a wall motion score. The latter was not meant to be a quantitative, but rather a qualitative descriptor. Ischaemia under dipyridamole was defined as: (a) wall motion worsening by 1 or more units (either on total score or when contractility of a segment worsened without the total score falling numerically, as happened when another segment's contractility improved); (b) fall or absence of rise in global ejection fraction when ejection fraction was reduced (< 55%) at rest, or a fall of > 5% when ejection fraction was normal at rest.
STATISTICAL ANALYSIS
Significance between variables at rest and under dipyridamole in the same group was computed using a two tailed paired t test. Significance was set at P < 0 05. Positive predictive value was computed as true posi- Results Although significant coronary artery disease was defined as > 50% diameter stenosis, only two patients in group I and one patient in group II showed coronary artery disease with < 70% diameter stenosis of one or more vessels, so that in 59 patients the coronary artery disease was severe. The double product (heart rate x blood pressure) change from the resting condition to dipyridamole stress is shown in table 2; the change is significant except for patients under antianginal treatment (group II). The change in left ventricular ejection fraction was significant only in group IV. Table 3 shows the change in measured variables before and after dipyridamole. The left ventricular end diastolic pressure rose significantly except for the group of patients under medication and yielded a high overall positive response (table 4) . Wall motion changes from baseline under dipyridamole are shown in the figure. In patients with three vessel disease and no antianginal treatment, a total of 41% (in group II 50%) of positive responses was attained. Importantly, among 12 group I patients who had no wall motion abnormalities at rest, eight (67%) kept a maximum wall motion score under dipyridamole. Using significant angiographic coronary artery disease as a reference and dipyridamole induced regional wall abnormality as a criterion, true positives occurred in 42% of the entire group, and false negatives in 58%. For group I, there were 41 % true positives and for group II 50% (table 4), with 59% and 50% false negatives respectively. Calculation of true positives and false negatives for group III may not be accurate because in an infarcted area there may not be any myocardium left to demonstrate an ischaemic response. In group IV there were no false positives and 100% true negatives. The positive predictive value of regional wall motion worsening under dipyridamole was 100%, the negative predictive value was 63%.
A relatively high percentage of patients were symptomatic after dipyridamole (table 1) . Globally, 38/62 patients in groups I-III (61%) and 8/12 patients in group IV (67%) complained of one or more symptoms. All side effects were promptly reversed by aminophylline after all data had been gathered. The study was not blinded. Alternating the stress and baseline measurements was not done to avoid unduly prolonging the catheterisation time. If dipyridamole had been infused first in some patients, at least half an hour would have been required for the haemodynamic effects of the drug to wear off before performing resting measurements. Giving the antidote aminophylline does not restore baseline conditions, as it exerts significant changes on cardiac performance itself.'2 On the one hand, the injected volume load during resting state ventriculography would be expected to increase preload and thus have a positive effect on ejection fraction except in the severely depressed ventricle. On the other hand, even non-ionic contrast media are known to exert a mild depressant effect on left ventricular function, so that the net effect of this sequence of examination would be unpredictable. '3-'5 The patients examined were referred to the hospital for cardiac catheterisation. Most of them had significant coronary artery disease, and some were on antianginal treatment, which may have blunted the ischaemic effect of dipyridamole. Yet of the groups with the largest experience with dipyridamole stress testing, one reported a sensitivity of 65% for patients on antianginal treatment. ' Left ventricular ejection fraction and particularly regional wall motion are the classical variables used in functional stress imaging. Regional wall motion was the overall most sensitive index except in group III patients. Although many patients showed a hypercontractile state under dipyridamole, this was noted as normokinesia when scoring wall motion. The reason is that if a hyperkinesia score of 2 was attributed in these situations a falsely high wall motion score would result (for example, a patient with normokinesia of all segments at rest, severe hypokinesia in two segments, and hyperkinesia in the others under diypridamole would have a score of 7 at rest and 8 under dipyridamole, thus being falsely counted as "negative" and further lowering the sensitivity of the test). Three patients in groups I and II and six patients in group III (see the figure) showed an increase in total wall motion score under dipyridamole.
Whether this represents true "recruitment" of stunned or hibernating myocardium, or whether these segments were just passively pulled along, giving the false impression of improved contractility (see below), is unclear. This phenomenon occurred much more often in group III.
LEFT VENTRICULAR END DIASTOLIC PRESSURE Had it not been for a high false positive result in group IV, left ventricular end diastolic pressure would have compared favourably with regional wall motion. Several haemodynamic factors in this study, however, limit its value in assessing ischaemia, namely the repeated volume challenge with contrast medium, and the relatively high age of the patients with decreased left ventricular compliance even in the absence of ischaemia (table 1) . Globally, the left ventricular end diastolic pressure rose in all groups except for group II. This may point to a favourable effect of antianginal treatment on diastolic function.
Dipyridamole stress results compare unfavourably with the 45/59 positive bicycle stress tests (76%) in our patients (table 1) . On the other hand 38% of group IV patients had a false positive bicycle stress test. These results reflect tests in a selected population with a rather high positive pretest probability (hypertensive heart disease, old age). The reason for the lower sensitivity of dipyridamole may be the fact that to produce regional wall motion disturbances a test must induce subendocardial ischaemia. '7 In patients aged 50-60 years undergoing ergometry, the double product had already risen to 18 300 units at 50 W, '8 showing that although the pressure product rises significantly under dipyridamole, the rise is well below that attained by physical exercise (table 2) .
In rior oblique), in contrast to the four planes used in echocardiography (parasternal short and long axis, apical two and four chamber views). One may argue that echocardiography allows a more detailed analysis of wall motion, explaining the better results reported. On the one hand, the different regions definitely overlap in echocardiography, so the regions analysed are not necessarily more than those viewed by ventriculography. Most of the myocardium is displayed by biplane ventriculography. Wall motion changes of any significance are detected by ventriculography, which definitely has the edge over echocardiography in terms of resolution. With the latter method, regional wall motion cannot be adequately studied in at least 20% of patients because of technical limitations, especially in the apical and anterolateral segments. In echocardiographic studies real time data are continuously sampled during and up to 10 minutes after infusion for regional wall motion abnormalities. The lack of temporal sampling of wall motion abnormality may be a limitation of the present study, the left ventriculogram giving a "snapshot" of wall motion and lacking the repetitive assessment provided by echocardiography. On the other hand, a steady state is reached two to three minutes after termination of infusion,3 so at the time of ventriculography it may not be possible in some patients to detect signs of transient ischaemia that occurred before or after ventriculographythough this is somewhat unlikely.
The examination and quantification of regional wall motion is fraught with pitfalls in all methods of assessing regional wall motion. Even with experienced observers, the effect of tethering by neighbouring muscle and cardiac translation can be confusing. The reason for the discrepancy between our results and those reported by the groups promoting dipyridamole echocardiography are thus unlikely to lie in pitfalls of regional wall motion analysis. It is noteworthy that other groups have reported relatively low sensitivities with dipyridamole6 and adenosine.2 The explanation may rather lie in the fact that dipyridamole does not produce subendocardial ischaemia. 17 It produces flow heterogeneity,3 and is thus an inadequate pharmacological stressor for functional imaging, but a good tool when used in conjunction with perfusion studies. 1 2 SIDE EFFECTS Our patients reported substantially more side effects from dipyridamole than are acknowledged in published reports.3 The reason for this may be that the test was performed in a group with more severe disease than in other studies. Yet a high percentage of side effects was also noticed in patients of the control group.
CONCLUSIONS
Although dipyridamole stress ventriculography during cardiac catheterisation is a handy and safe method, it had too low sensitivity in our experience for the assessment of functional severity of coronary artery stenosis when compared to bicycle stress testing. The data presented support arguments against the widespread use of dipyridamole echocardiography as a pharmacological stress test. 
